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[TITLE OF THE INVENTION] OPTICAL TRANSMITTER/RECEIVER 
MODULE 



An optical transmitter/receiver module is provided 
with a planar optical waveguide circuit for passing an 
optical signal with wavelength of l.SSum, and for 



of 1.3^11). A dielectric multilayer film filter is mounted 
perpendicularly to a reference plane of the planar optical 
waveguide circuit. A single-mode optical waveguide 
comprises a first input/output optical waveguide one end 
of which is connected to a first optical fiber connection 
portion, and a second input /output optical waveguide one 
end of which is connected to a second optical fiber 
connection portion, and the other end of which is branched 
from the first input/output optical waveguide at the 
surface of the dielectric multilayer film filter or in the 
periphery thereof at a branch angle of 15 to 25 degrees. 
The first input/output optical waveguide is branched into 
a Y-shape on the side where the second input/output optical 
waveguide is not provided relative to the dielectric 
multilayer film filter, and a laser diode or a photodiode 
is connected to each of the branched optical waveguides. 
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transmitting/receiving an optical signal with wavelength 
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[Advantageous Results] 

A low-cost and compact optical transmitter/receiver 
module can be Implemented. 
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[SCOPE OF CLAIM FOR A PATENT] 
[Claim 1] 

An optical transmitter/receiver module for passing 
an optical signal with wavelength of 1.55j4in, and for 
transmitting/receiving an optical signal with wavelength 
of l,3|ijn, 

wherein said module is a planar optical waveguide 
circuit having a single-mode optical waveguide, a laser 
diode, a photodiode, a dielectric multilayer film filter, 
and first and second optical fiber connection portions, 
said dielectric multilayer film filter being mounted 
substantially perpendicular to a reference plane of said 
planar optical waveguide circuit, 

wherein said single -mode optical waveguide 

comprises , 

a first input /output optical waveguide one end 
of which is connected to said first optical fiber 
connection portion; and 

a second input/output optical waveguide one end 
of which is connected to said second optical fiber 
connection portion, and the other end of which is 
branched from said first input /output optical 
waveguide at the surface of said dielectric 
multilayer film filter or at a point at a distance 
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of 8\im or less from the surface at a branch angle of 
15 to 25 degrees with a normal to said dielectric 
multilayer film filter being the center line: 

wherein said first input/output optical 
waveguide is branched into a Y-shape on the side where 
said second input/output optical waveguide is not 
provided relative to said dielectric multilayer film 
filter, and said laser diode or said photodiode is 
connected to each of said branched optical 
waveguides . 
[Claim 2] 

The optical transmitter/receiver module as claimed 
in claim 1, wherein said first and second optical fiber 
connection portions are integrated as a double-core 
optical fiber array connection portion. 
[Claim 3] 

The optical transmitter/receiver module as claimed 
in claim 1 or 2 , wherein a groove is provided on the surface 
of said planar optical waveguide circuit, and said 
dielectric multilayer film filter is fixed to the groove 
with a silicone adhesive. 
[Claim 4] 

The optical transmitter/receiver module as claimed 
in any one of claims 1 to 3, wherein there is a clearance 
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of Ifijn to Sjxm between said first and second Input/output 
optical waveguides in an intersection portion of said two 
input/output optical waveguides. 
[Claim 5] 

The optical transmitter/receiver module as claimed 
in any one of claims 1 to 4, wherein a marker for groove 
processing is provided on the surface of said planar 
waveguide circuit in a position apart from a position where 
the groove is provided. 
[Claim 6] 

The optical transmitter/receiver module as claimed 
in any one of claims 1 to 5^ wherein widths of said first 
and second input /output optical waveguides are larger in 
the periphery of their branch point than in any other point . 
[Claim 7] 

The optical transmitter /receiver module as claimed 
in any one of claims 1 to 6^ wherein said Y-shaped branched 
portion is at said dielectric multilayer film filter. 
[Claim 8] 

The optical transmitter/receiver module as claimed 
in any one of claims 1 to 7 , wherein a dielectric multilayer 
film filter for cutting off light with wavelength of 1.3Min 
is inserted into said second input /output optical 
waveguide . 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of Industrial Application] 

The present invention relates to an optical component 
for optical communications^ and more specifically, a 
module for transmitting/receiving an optical signal as an 
optical subscriber terminal (for home use). 
[0002] 
[Prior Art] 

Recently, construction of an optical fiber network 
to each home has been seriously considered with the aim 
of substantially reducing the cost of high- capacity 
communications for video signals and data for personal 
computers etc. One of the main problems facing such 
construction is a cost of an optical transmitter/receiver 
module for installation in each home. Conventionally, 
optical communications has been used in an office etc. 
which communicate high-capacity signals. There has been 
a demand for an optical transmitter/receiver module for 
such use even if its cost is on the order of one million 
yen. However, if the cost of an optical 

transmitter/receiver module for installation in each home 
is not reduced to the order of 10,000 yen, it cannot be 
expected that the optical transmitter/receiver module is 
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widely used in homes. Against this background, 
development of a low- cost optical transmitter/receiver 
module for installation in each home has been currently 
vigorously carried out . 
[0003] 

Most of conventional optical transmitter /receiver 
modules use micro optical components such as a lens. In 
that case, most of the costs arise from an alignment process 
for each component. Thus, the inventors have so far 
tackled development of an optical transmitter/receiver 
module which uses a planar lightwave circuit (PLC) 
comprising less components. Fig. 16 shows a previously 
fabricated optical transmitter /receiver module. The 
details are set forth in "Optical Module with a 
Silica-Based Planar Lightwave Circuit for Fiber-Optic 
Subscriber Systems" , H. Terui et al. , IEEE Photon. Technol. 
Lett., Vol. 4, 1992, pp. 660-662. Its configuration and 
principle will be briefly described below. 
[0004] 

An input -side single-mode optical fiber lOA and an 
output-side single-mode optical fiber lOB are fixed to a 
planar lightwave circuit 1 with glass blocks 9A, 9B, 
respectively. More specifically, the optical fibers lOA, 
lOB are inserted and fixed into the grooves provided in 
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the glass blocks. The glass blocks 9A, 9B are attached 
and fixed to the planar lightwave circuit 1 such that the 
optical axes of the optical fibers IDA, lOB are aligned 
with that of optical waveguides 24, 25. Light incident 
from an input port 24A enters a Mach-Zehnder interferometer 
type wavelength multiplexer/ demultiplexer using two 
directional couplers 24B, 24C, whereby light in the 1.3Min 
band is output to a through port, and light in the 1.55(xm 
band is output to a cross port. The light in the 1.55fim 
band output to the cross port is coupled to the single -mode 
optical fiber lOB at the end of the waveguide as it is, 
so that the light is output to the external. On the other 
hand, the light in the 1.3Min band output to the through 
port of the wavelength multiplexer/demultiplexer is 
branched into two in a Y-branch 6 , and individually coupled 
to a laser diode 7 and a photodiode 8. The laser diode 
7 is provided for transmitting a signal which is 
transmitted from a receiver. The photodiode 8 is provided 
for converting a received optical signal into an electrical 
signal. 
[0005] 

Here, the light in the 1.55|uun band is used for e.g. 
distributing multichannel video signals from a telephone 
office to the households. The light in the LSpm band is 
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used for two-way communications of various data signals. 
Thus, the cost of a receiver module for the l^SS^jm band 
Is high because of reception of high-capacity signals. A 
currently desired optical transmitter/receiver module Is 
first of all, the one which can transmit /receive various 
data signals. Thus, the efforts have been directed to a 
low-cost module capable of transmitting/receiving only 
relatively- low- speed optical signals In the l.S^m band 
with a high-cost optical receiver for the 1.55^m band 
provided externally. In this regard, light In the LSS^m 
band transmits high-capacity signals. Thus, when light 
In the 1.55fxm band Is output from an optical 
transmitter/receiver module. It Is necessary to use a 
single-mode optical fiber. Also, since a tlme-dlvlded up 
and down link ping-pong transmission scheme Is used for 
an optical signal In the 1.3(im band, limitation on the near 
end reflection Is not severe. 
[0006] 

[Problems to Be Solved by the Invention] 

As set forth above, we have so far developed an 
optical transmitter/receiver module using a PLC as a 
low-cost optical terminal for home use. The main problems 
with this lie In a size of a module and costs of connection 
between an optical fiber and a PLC. In the configuration 
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of Fig. 16, since the input optical fiber lOA for the 1.3|Lun 
band and the LSS^in band and the output optical fiber lOB 
for the l.SSixm band are disposed on the end faces of the 
PLC 1 opposite to each other, the size of the entire module 
becomes large. In addition, there is another problem that 
a connection between the optical fiber and the PLC must 
be made twice. 
[0007] 

[Means for Solving the Problems] 

In view of the above, according to the present 
invention, two input /output fibers are disposed on the same 
end face, not on end faces opposite to each other to reduce 
a size of an optical transmitter/receiver module. For 
that purpose, a wavelength multiplexer/demultiplexer of 
a PLC is configured to pass light with wavelength of 1 . 3\im, 
and reflect light with wavelength of 1.55^un. More 
specifically, a dielectric multilayer film filter is 
inserted into waveguide at a given angle passing light with 
wavelength of 1 . 3\xm through the filter and reflecting light 
with wavelength of 1 . 55\xm at the filter, thereby separating 
light with two wavelengths. 
[0008] 

Conventionally , a wavelength 

multiplexer/ demultiplexer using reflection by a 
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dielectric multilayer film filter has been reported using 
fibers and waveguides . For example, see "Filter-Embedded 
Design and Its Applications to Passive Components." H. 
Yanagawa et al., J. Lightwave Technol., Vol. 7, 1989, pp. 
1646-1653. However, in most of them, reflected light is 
received by a multimode optical fiber or a multimode 
optical waveguide . Only a few reports ( if any) can be found 
wherein reflected light is coupled to a single-mode optical 
waveguide as in the present invention. This is because 
it has been very difficult to couple light reflected at 
a dielectric multilayer film filter to a single -mode 
optical waveguide. The present invention is directed to 
effectively coupling light reflected at a filter to a 
single-mode optical waveguide, and to experimentally 
obtaining an optimum condition for an adhesive adapted for 
mounting of a laser diode and a photodiode. 
[0009] 

According to the present invention, an optical 
transmitter/receiver module for passing an optical signal 
with wavelength of LSS^xn, and for transmitting/receiving 
an optical signal with wavelength of 1.3|Am is provided, 

wherein the module is a planar optical waveguide 
circuit having a single-mode optical waveguide, a laser 
diode, a photodiode, a dielectric multilayer film filter. 
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and first and second optical fiber connection portions^ 
the dielectric multilayer film filter being mounted 
substantially perpendicular to a reference plane of the 
planar optical waveguide circuity 

wherein the single -mode optical waveguide 
comprises , 

a first input /output optical waveguide one end 
of which is connected to the first optical fiber 
connection portion; and 

a second input /output optical waveguide one end 
of which is connected to the second optical fiber 
connection portion, and the other end of which is 
branched from the first input /output optical 
waveguide at the surface of the dielectric 
multilayer film filter or at a point at a distance 
of 8|jun or less from the surface at a branch angle of 
15 to 25 degrees with a normal to the dielectric 
multilayer film filter being the center line: 

wherein the first input /output optical 
waveguide is branched into a Y- shape on the side where 
the second input /output optical waveguide is not 
provided relative to the dielectric multilayer film 
filter, and the laser diode or the photodiode is 
connected to each of the branched optical 



- 12 - 



Japanese Patent Application Laid-open No. 8-190026 (1996) 

waveguides . 
[0010] 

The first and second optical fiber connection 
portions may be Integrated as a double-core optical fiber 
array connection portion. 
[0011] 

A groove may be provided on the surface of the planar 
optical waveguide circuit, and the dielectric multilayer 
film filter may be fixed to the groove with a silicone 
adhesive. 
[0012] 

There may be a clearance of Ipm to 5|xm between the 
first and second input/output optical waveguides in an 
intersection portion of the two input/output optical 
waveguides • 
[0013] 

A marker for groove processing may be provided on the 
surface of the planar waveguide circuit in a position apart 
from a position where the groove is provided. 
[0014] 

Widths of the first and second input /output optical 
waveguides may be larger in the periphery of their branch 
point than in any other point. The Y-shaped branched 
portion may be at the dielectric multilayer film filter. 
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[0015] 

A dielectric multilayer film filter for cutting off 
light with wavelength of 1.3^m may be inserted into the 
second input/output optical waveguide. 
[0016] 
[Effects] 

Since the optical transmitter/receiver module of the 
present invention is configured so that the input and 
output optical fibers are disposed on the same end face 
of the PLC, the entire size becomes small, and a connection 
between the PLC and the optical fiber can be completed in 
one operation. As a result, an optical 

transmitter/receiver module which is lower-cost and more 
compact than before can be realized. 
[0017] 

[ Embodiment s ] 

Referring to the accompanying drawings, embodiments 
of the present invention will be described in detail below. 
[0018] 

First Embodiment 

In the present embodiment, an optical 
transmitter/receiver module is fabricated by combining a 
silica-based planar lightwave circuit (PLC) fabricated by 
depositing silica-based glass on a silicone substrate, a 
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double-core optical fiber array comprising a pair of 
optical fibers, and a laser diode and a waveguide -type 
photodiode, the diodes being designed such that their mode 
fields at an output end face match those of single-mode 
optical fibers. The silica-based planar lightwave 
circuit is fabricated on a silicone substrate by flame 
hydrolysis deposition and reactive ion etching. Thus, a 
low- loss optical waveguide circuit having excellent 
compatibility with a single-mode optical fiber is realized. 
The details are set forth in Masao Kawachi, "Planar 
Lightwave Circuit", the Transactions of the Institute of 
Electrical Engineers of Japan, Vol. 113 -C, No. 6, 1993. 
In addition, an optical connection between the PLC and the 
laser diode (or the photodiode) is made by a silicone 
terrace which is on a PLC substrate. The details are set 
forth in Y. Yamada et al.. Electron. Lett., Vol. 29, 444, 
1993. 
[00191 

Fig. 1 shows a configuration of the PLC 30 of the 
present embodiment. In addition. Fig. 2 is an enlarged 
cross -sectional view taken along a line AA' of Fig. 1, and 
Fig. 3 is an enlarged cross -sectional view taken along a 
line BB' of Fig. 1. 
[0020] 
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Cores 2,3, and 2' are formed on a silicone substrate 
11, and covered by a cladding 12, thereby constituting 
single-mode optical waveguides 2, 3, and 2'. A relative 
refractive- Index difference between the core and the 
cladding Is 0.75%, and the core Is 7|im square In cross 
section. A groove 4 Is provided In the periphery of the 
position where the optical waveguides 2, 3 Intersect each 
other. A dielectric multilayer film 5 Is Inserted Into 
the groove, and fixed with an adhesive 13. An optical axis 
of the optical waveguide 2 ' formed on the opposite side 
of the dielectric multilayer film 5 from the optical 
waveguides 2, 3 Is aligned with that of the optical 
waveguide 2. The optical waveguide 2' forms a part of the 
optical waveguide 2. 
[0021] 

In the planar lightwave circuit 3, an Input 
single-mode optical fiber lOA and an output optical fiber 
lOB are coupled to the optical waveguides 2 , 3 with a fixing 
glass block 9B with the optical axes of the optical fibers 
being aligned to that of the optical waveguides, 
respectively. A distance between Input/output ports 2A 
and 3A is 250\m. 
[0022] 

Light with multiplexed wavelengths of 1 . 3\m and 
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LSSpm from the optical fiber IDA becomes Incident on the 
first Input/output optical waveguide 2 through the first 
Input /output port 2A. The light with wavelength of 1 . 55\m 
Is reflected at the dielectric multilayer film filter 5; 
and output to the single-mode optical fiber lOB through 
the second Input/output optical waveguide 3. The light 
with wavelength of l.SMm passes the dielectric multilayer 
film filter 5, and Is branched Into two In a Y-branch 6, 
and Individually coupled to a laser diode 7 and a photodlode 
8 as In the conventional art of Fig. 16. 
[0023] 

The dielectric multilayer film filter 5 Is designed 
such that light with wavelength of 1 . 3|iin passes the filter, 
and light with wavelength of 1 . 55\im reflects at the filter. 
Actually, SIO2 and TIO2 were alternately evaporated on a 
polylmlde thin film with thickness of 7\ita to form a 
multilayer with thickness of 9[Am, so that the entire 
thickness of the filter was 16|jun. On the other hand, the 
groove for Insertion of the filter was formed by processing 
with a dicing saw, so that the width of the groove was 18|uim, 
and the depth of the groove was 200^m. The reason why the 
width of the groove was 18(4m was that a clearance needed 
to be small In order to mount the filter with thickness 
of 16\ua as perpendicularly as possible to the substrate. 
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A groove with width of n\m to 20\m is suitable for the 
case where a filter with thickness of 16\xm is used. In 
addition, if possible, it is preferable that the groove 
has a large depth since a shallow groove makes the filter 
tend to incline • However, when the depth of the groove 
is increased, the opening of the groove tends to be widened 
by processing. Thus, it is appropriate that the depth of 

the groove is in the range from 100|bim to 300|im. 
[0024] 

In the present embodiment, after the groove is formed 
by processing with a coihmercially available dicing saw, 
the filter is inserted and fixed into the groove with a 
silicone adhesive. Although the silicone adhesive has 
generally the adhesive strength than that of an epoxy 
adhesive about two orders of magnitude lower, the reason 
the silicone adhesive is used for fixing the filter is as 
follows. In the optical transmitter/receiver module of 
the present embodiment , the laser diode and the photodiode 
are fixed with AuSn solder after the filter is mounted. 
Thus, it is necessary to increase the temperature up to 
about 300* C. At this temperature, the epoxy adhesive 
deteriorates, and contracts greatly. Then, the adhesive 
in the groove peels off. As a result , reflection increases 
up to a level which does not conform to specifications for 
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an optical transmitter/receiver module. In contrast, 
while the silicone adhesive has low adhesive strength, it 
does not deteriorate at all at the temperature of about 
300'' C, so that the adhesive does not peel off . Low adhesive 
strength is acceptable since external force is not applied 
to the portion by which the filter is fixed into the groove. 
Thus, the present embodiment uses the silicone adhesive 
for fixing the filter. Actually, a groove was formed 
perpendicularly to a straight waveguide by processing. 
After the above dielectric multilayer film filters were 
fixed individually with an epoxy adhesive or a silicone 
adhesive, reflection of light with wavelength of 1.3)jun at 
the filter was measured before and after heat processing 
at SOO^C for 10 minutes. Table 1 shows the results. The 
heat processing did not cause change in reflection in the 
case where the silicone adhesive was used, whereas 
reflection increased greatly in the case where the epoxy 
adhesive was used. It was because the epoxy adhesive 
contracted at high temperature of 300* C as set forth above. 
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[0025] 



[Table 1] 





RETURN LOSS BEFORE HEAT 
PROCESSING AT 300° C FOR 10 
MINUTES 


RETURN LOSS AFTER HEAT 
PROCESSING AT 300' C FOR 10 
MINUTES 


EPOXY 
ADHESIVE 


21dB 


5dB 


SILICONE 
ADHESIVE 


20dB 


20dB 



[0026] 



There are uncertain factors about design of a 
waveguide In the periphery of the filter- Inserted portion. 
Thus, the design was experimentally obtained. Fig. 4 
shows an enlarged view of the periphery of the 
filter-Inserted portion. Here, a silt 17 with width of 
2\xxa was provided between the first Input /output optical 
waveguide 2 and the second Input /output optical waveguide 
3. It was directed to preventing bubbles and coarse glass 
portion from being generated In the Intersection portion 
of the two optical waveguides 2, 3 In the process for 
covering the core with an upper cladding glass after 
patterning of the core. Actually, when the silt 17 was 
not provided, bubbles were occasionally generated in the 
Intersection portion of the two optical waveguides. The 
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probability that bubbles occurred became high as the 
Intersection angle 0 between the two optical waveguides 
2, 3 became small (about 10 degrees) . The slit with width 
of 2 \xm provided an escape for bubbles, and allowed the 
upper cladding glass to totally fill a narrow gap. It is 
appropriate that the width of the clearance 17 is in the 
range from Ijjm to Sum which is larger than resolution of 
a mask, and which makes an optical loss almost negligible. 
[0027] 

Next, optimal values for the intersection angle 0 
between the two input /output optical waveguides 2, 3 and 
the position of the groove 4 for insertion of the dielectric 
"multilayer film filter 5 were experimentally obtained. 
Fig. 5 shows a graph with a loss of light with wavelength 
of 1.55(410 passing from the input/output port 2A to the 
input/output port 3A on the vertical axis, and distance 
X between an intersection point of center lines 14, 15 of 
the two input/output optical waveguides 2, 3 and center 
line 16 of the groove 4 on the horizontal axis. Here, the 
intersection angle 0 between the two input /output optical 
waveguides 2, 3 was 20 degrees. It can be seen from this 
graph that that the distance x between the intersection 
point of the center lines 14, 15 of the two input /output 
optical waveguides 2, 3 and the center line of the groove 
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is optimally in the range of 4 ± 4^m. Since the position 
of the center line 16 of the groove 4 depends on the 
thickness of the filter 5, and the width of the groove 4, 
the distance x can be converted into distance between the 
intersection point of the center lines of the two 
input /output optical waveguides and the surface of the 
filter which is optimally in range of -4 ± 4|Lun (from Q\ua 
to -8|Liin) . In the present embodiment, this value was used 
for forming the groove for insertion of the filter by 
processing. 
[0028] 

As can be seen from Fig. 5, the position of the groove 
greatly affects a loss of light with wavelength of 1.55|uim. 
In the present embodiment, a groove marker was formed on 
the surface of the upper cladding glass by deposition of 
a metal thin film to achieve excellent reproducibility of 
the position of the groove. The reason why the metal thin 
film was used for forming the marker was that the marker 
of the metal thin film was easily seen as compared with 
that of core glass. Since the process for forming a metal 
thin film was also used for electrical wiring of the laser 
diode and the photodiode, the processes were simplified 
by carrying out both processes simultaneously. Here, it 
should be noted that there arose the problems that when 
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the marker made by the metal thin film was on the surface 
of the waveguide, processing of that portion with the 
dicing saw caused the metal to adhere to the inner wall 
of the processed groove, and caused the tooth of the dicing 
saw to be clogged with the metal, thereby decreasing the 
processing accuracy. In order to solve these problems, 
in the present embodiment, the marker made of the metal 
thin film was formed in a position shifted by -50|Lun from 
the center line of the groove. A commercially available 
dicing saw has a function of shifting a cutting position 
accurately. Thus, the dicing saw was positioned 

according to the marker made of the metal thin film, and 
then, shifted a cutting position by 50|jun and carried out 
the groove processing. Fig. 6 shows a figure illustrating 
the marker 18. In the present embodiment, Au was used for 
the metal thin film for the marker. 
[0029] 

Losses of light with wavelength of LSS^xn with 
respect to the position of the groove were experimentally 
obtained by varying an intersection angle 9 between the 
two input /output optical waveguides 2, 3. Fig. 7 shows 
the results. As the intersection angle 9 becomes larger, 
an excess loss caused by the displacement of the groove 
becomes larger. It can be seen from these results that 
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decreasing the intersection angle 0 is effective in 
relaxing tolerance for a processing error in the position 
of the groove. Fig. 8 shows a graph with an amount of a 
groove displacement allowing an excess loss caused by the 
groove displacement to be 0.5dB on the vertical axis, and 
an intersection angle on the horizontal axis. It can be 
seen that it is preferable that the intersection angle is 
25 degrees or less in view of the fact that a positional 
accuracy of a dicing saw for groove processing is about 
3Mxn. Further, Fig. 9 shows a graph with a return loss of 
light with wavelength of 1.55|Lun at the first input/output 
port 2A on the vertical axis, and an intersection angle 
9 on the horizontal axis. It can be seen from this graph 
that as the intersection angle 0 becomes larger, a return 
loss becomes larger. When an analog signal is used for 
light with wavelength of 1.55|xm, it is desired that the 
return loss is 30dB or more. Thus, it is preferable that 
the intersection angle 0 is 15 degrees or more. As set 
forth above, from the viewpoint of the positional accuracy 
of the groove for insertion of the filter and the return 
loss, it is appropriate that the intersection angle 0 
between the two input/output optical waveguides 2, 3 is 
in the range of 15 to 25 degrees. 
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[0030] 

In the optical transmitter/receiver module of the 
present embodiment thus fabricated^ an Insertion loss of 
light with wavelength of 1 . 55\m from the first Input/output 
port 2A to the second Input /output port 3A, Including a 
splice loss with the single-mode fiber was 1.5dB. In 
addition, its return loss was 38dB. Further, an insertion 
loss from the first input/output port 2A to the photodiode 
8, including a principle loss of the Y-branch 6 of 3dB was 
3.8dB. 
[0031] 

Second Embodiment 

As set forth in First Embodiment, an excess loss of 
light with wavelength of LSS^m largely depends on the 
positional accuracy of the groove for insertion of the 
filter. In the present embodiment, the width of the 
waveguide was enlarged in the periphery of the waveguide 
intersection portion to releix the tolerance for its 
positional accuracy. Fig. 10 shows an enlarged view of 
the intersection portion. Reference numerals 2B, 3B, and 
2'B denote enlarged portions of the optical waveguides 2, 
3, and 2', respectively. The width of the waveguide was 
7|iin except in the intersection portion. The width was 
varied gradually as approaching to the intersection 
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portion^ and was in the range from 6|Lun to 12|iin in the 
intersection portion. Fig. 11 shows calculation results 
obtained by varying an intersection angle in the range from 
10 to 40 degrees with the width of the waveguide in the 
intersection portion on the horizontal axis, and a 
tolerance amount for a displacement of the filter 5 
allowing an insertion loss of light with wavelength of 
1 . 55^im to increase by 0 . 5dB on the vertical axis . Clearly, 
the tolerance for the displacement of the filter is relaxed 
by enlarging the width of the waveguide in the intersection 
portion. Since waveguide having too large width actually 
tends to be in higher mode , it is appropriate that the width 
of the waveguide in the intersection portion is in the range 
from 10(xm to ISfim. 
[0032] 

Third Embodiment 

An object of the optical transmitter/receiver module 
of the present invention is to lower the cost. Thus, it 
is also necessary to make the required PLC as small as 
possible, and to increase the number of modules which can 
be fabricated from one PLC wafer. For that purpose, in 
the present embodiment, the intersection portion of the 
two input /output optical waveguides and the Y- branch 
subsequently positioned thereof set forth in Second 
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Embodiment are integrated. Fig. 12 shows its general view, 
and Fig. 13 shows its enlarged view of the intersection 
portion. The widths of the first and second input /output 
optical waveguides 2, 3 are enlarged before the 
intersection section as shown by reference numerals 2B, 
3B. Light with wavelength of 1 . 3Mxn passes the filter 5, 
and is branched into two optical waveguides 21A, 2 IB of 
a Y-branch 21. With this configuration, a Y-branch 
conventionally fabricated independently and positioned 
after the wavelength multiplexer/demultiplexer can be 
integrated with the wavelength multiplexer/demultiplexer . 
As a result, the area of the PLC can be reduced. 
Specifically, the PLC had a size of 3mm x 20mm when the 
intersection portion and the Y-branch of the wavelength 
multiplexer /demultiplexer were disposed independently, 
whereas the size of the PLC was reduced to 3mm x 15mm by 
integrating them, thereby increasing the number of modules 
fabricated from one PLC by a factor of 1.3. 
[0033] 

Fourth Embodiment 

In the configuration of the first embodiment, light 
with wavelength of 1.55}jun is totally reflected by the 
dielectric multilayer film filter 5, and scarcely leaks 
into the photodiode 8 for receiving light with wavelength 
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of 1.3|jim. In an actual fabricated module, crosstalk was 
-50dB. In contrast, a very large amount of light with 
wavelength of 1.3|Lum leaks into the second input /output 
optical waveguide 3 . Leaked light with a maximum of about 
-20dB was measured in the actual fabricated circuit. This 
was due to imperfections of the dielectric multilayer film 
filter 5. However, it was difficult to reduce the amount 
of the leaked light essentially. Thus, in the present 
embodiment, a dielectric multilayer film filter for 
cutting off light with wavelength of 1.3|Lun was inserted 
in a part of the second input /output optical waveguide. 
Two types of methods for inserting the filter were 
conceived. Fig. 14 shows one method, and Fig. 15 shows 
the other method. In Fig. 14, a groove 4B was formed by 
processing, using a dicing saw, just like the intersection 
portion. A filter 21 for cutting off light with wavelength 
of 1 .3(410 intersects only the second input/output optical 
waveguide 3 without intersecting the first input /output 
optical waveguide 2 . The groove 4A intersects the first 
input /output optical waveguides 2. However, the groove 
is filled with an adhesive, and a loss caused by this is 
very small. 
[0034] 

On the other hand, in the embodiment of Fig. 15, a 



- 28 - 



Japanese Patent Application Laid-open No. 8-190026 (1996) 

groove 4C for a filter 22 for cutting off light with 
wavelength of 1.3Mm was formed by etching. This 
eliminates the need to create an unnecessary groove 
intersecting the first input/output optical waveguide 2. 
In either case of Fig. 14 or Fig. 15, crosstalk of light 
with wavelength of 1 . 3jim output from the second 
input /output optical waveguide was greatly reduced from 
-20dB in the case where a cut-off filter was not inserted 
to -45dB. 
[0035] 

Naturally, Y-branches in the configurations of Fig. 
14 and Fig. 15 can also be integrated as shown in Fig. 13. 
[0036] 

Vrhile the embodiments of the present invention have 
been described above with respect to the case of using a 
silica-based waveguide, it is possible to apply the circuit 
of the present invention to any waveguide other than a 
silica-based waveguide such as a diffusion glass waveguide, 
a polymer waveguide, and a LiNbOs waveguide. 
[0037] 

In addition, while the present invention has been 
described with respect to an optical transmitter/receiver 
module for transmitting/receiving light with wavelength 
of 1.3|jjn and for passing light with wavelength of 1.55|im, 
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it is clear that the present invention can be used as an 
optical transmitter module or an optical wavelength 
multiplexer/demultiplexer for other wavelength ranges by 
replacing the dielectric multilayer film filter set forth 
in the embodiments. 
[0038] 

[Advantageous Results of the Invention] 

As set forth above, the optical transmitter/receiver 
module of the present invention is low-cost and compact, 
and can be widely used as an optical terminal for home use. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

Fig. 1 is a schematic plan view of an optical 
transmitter/receiver module of a first embodiment of the 
present invention. 
[Fig. 2] 

Fig. 2 is an enlarged cross -sectional view talcen 
along a line AA' of Fig. 1. 
[Fig. 3] 

Fig. 3 is an enlarged cross -sectional view talcen 
along a line BB' of Fig. 1. 
[Fig. 4] 

Fig. 4 is an enlarged view of the periphery of a 
filter-inserted portion of the first embodiment. 
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[Fig. 5] 

Fig. 5 is a graph showing a tolerance curve of an 
insertion loss of light with wavelength of LSSpun with 
respect to a filter groove, with a loss of light with 
wavelength of 1.55|Jin on the vertical axis, and a distance 
between an intersection point of center lines of two 
input/output optical waveguides and a center line of the 
filter groove on the horizontal axis. 
[Fig. 6] 

Fig. 6 is an enlarged view of the periphery of the 
filter-Inserted portion, in which a marker for filter 
groove processing is also shown. 
[Fig. 7] 

Fig. 7 is a graph showing tolerances for an insertion 
loss of light with wavelength of LSSpm with respect to 
the filter groove, obtained by varying an intersection 
angle 0 between the two input/output optical waveguides. 
[Fig. 8] 

Fig. 8 is a graph showing tolerance amounts allowing 
an excess loss of light with wavelength of 1.55Hxn to 
increase by 0.5dB, obtained by varying an intersection 
angle 9 between the two input/output optical waveguides. 
[Fig. 9] 

Fig. 9 is a graph showing return losses of light with 
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wavelength of 1.55|Lun, obtained by varying an intersection 
angle 9 between the two Input /output optical waveguides. 
[Fig. 10] 

Fig. 10 Is an enlarged cross -sectional view of the 
periphery of a filter -Inserted portion of the second 
embodiment . 
[Fig. 11] 

Fig. 11 Is a graph showing changes of tolerance amount 
for displacement of the filter, obtained by enlarging the 
widths of the two input /output optical waveguide in 
Intersection portions. 
[Fig. 12] 

Fig. 12 is a schematic plan view showing a general 
view of a third embodiment. 
[Fig. 13] 

Fig. 13 is an enlarged view of the periphery of a 
filter-inserted portion of Fig. 12. 
[Fig. 14] 

Fig. 14 is a general view of a fourth embodiment. 
[Fig. 15] 

Fig. 15 is an overall view of another configuration 
example of the fourth embodiment. 
[Fig. 16] 

Fig. 16 is a plan view showing a conventional optical 
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transmitter/receiver module. 
[REFERENCE NUMERALS] 

1 Conventional Slllcone-based Planar Lightwave Circuit 
(PLC) 

2 First Input/Output Optical Waveguide 

3 Second Input /Output Optical Waveguide 

A, 4B, 4C Groove for Insertion of Dielectric Multilayer 
Film Filter 

5 Dielectric Multilayer Film Filter for Passing Light with 
Wavelength of 1.3|Lun and for Reflecting Light with 
Wavelength of 1.55^m 
6, 21 Y-branch 

7 Laser Diode 

8 Photodiode 

9A, 9B, 9C Glass Block for Fixing an Optical Fiber 
lOA, lOB Single -mode Optical Fiber 

11 Silicone Substrate 

12 Cladding Glass 

13 Adhesive for Fixing a Dielectric Multilayer Film Filter 

14 Center Line of a First Input Optical Waveguide 

15 Center Line of a Second Input Optical Waveguide 

16 Center Line of a Groove for Insertion of a Dielectric 
Multilayer Film Filter 

17 Slit in a Portion Where a First Input /Output Optical 
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Waveguide and a Second Input /Output Optical Waveguide are 

In Contact with Each Other 

18 Au Marker for Groove Processing 

22 Dielectric Multilayer Film Filter for Reflecting 1.3Min 
Light and Passing 1.55|Lun Light. 

30 Silica-based Planar Lightwave Circuit According to the 
Present Invention 
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1: INSERTION LOSS OF 1 . 55Min LIGHT (dB) 
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Fig. 6 
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INSERTION LOSS OF LSS^m LIGHT TO BE INCREASED BY 0.5dB 
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WAVEGUIDES (DEGREE) 
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